Background {#Sec1}
==========

Artificial neural networks (ANNs) are mathematical or computational models based on biological neural networks. Neural networks consist of universal approximation potentiality, and they function best when the system has a high endurance to error when used to model. Recently, there have been rapid growth of ANNs which was utilized in various fields (Abbasbandy and Otadi [@CR1]; Chen and Zhang [@CR4]; Guo and Qin [@CR6]; Jafarian and Jafari [@CR9]; Jafarian et al. [@CR10], [@CR13]; Jafarian and Measoomynia [@CR11], [@CR12]; Song et al. [@CR21]; Wai and Lin [@CR25]). One of the vital roles of ANN is finding FIPs as it proposed in this research.

Interpolation theory is one of the basic tool in applied and numerical mathematics. Interpolation has been used extensively, because it is one of the noteworthy techniques of function approximation (Boffi and Gastaldi [@CR3]; Mastylo [@CR16]; Rajan and Chaudhuri [@CR19]). Using Newton's divided difference scheme, a new technique was established in Schroeder et al. ([@CR20]) for polynomial interpolation. The problem related to multivariate interpolation has grabbed the attention of researchers world wide (Neidinger [@CR17]; Olver [@CR18]). There are various multivariate interpolation methods. In Olver ([@CR18]) they used a multivariate Vandermode matrix and its LU factorization, and Neidinger ([@CR17]) utilized the Newton-form interpolation. We recall that sparse grid interpolation is a further technique. In recent years this procedure is widely executed for the provision of an average approximation to a smooth function (Xiu and Hesthaven [@CR26]). Utilizing the Lagrange interpolating polynomials, this approach introduces a polynomial interpolant on the basis of amounts of the function at the points in an amalgamation of product grids of minute dimension (Barthelmann et al. [@CR2]). Existing trends on interpolation networks, have been revealed in Llanas and Sainz ([@CR15]), Sontag ([@CR22]). Numerable proof based on the notation that single hidden layer FNNs taking into account $\documentclass[12pt]{minimal}
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                \begin{document}$$(x_{i},f_{i})\,\,(for\,i=0,\ldots ,m)$$\end{document}$ with zero error has been established in Ito ([@CR8]). The detailed introduction and survey of major results can be extracted from Refs. Szabados and Vertesi ([@CR23]), Tikhomirov ([@CR24]).

This paper is inclined to the motive in order to deliver a fuzzy modeling technique by the utilization of FNNs for finding a FIP of the form$$\documentclass[12pt]{minimal}
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                \begin{document}$$a_{j}\,\epsilon\,{\mathbb {R}}\,\,(for\,j=0,\ldots ,n)$$\end{document}$, which interpolates the fuzzy data $\documentclass[12pt]{minimal}
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                \begin{document}$$(x_{j},y_{j})\,(for\,j=0,\ldots ,n)$$\end{document}$. The proposed network is a formation, abiding of three layers whereas the extension principle of Zadeh ([@CR27]) elaborately describes the input-output connection of each unit. In the latest model, the unrevealed coefficients of fuzzy polynomial can be approximated by employing a cost function. Moreover, a learning technique which is associated with gradient decent procedure is formulated for the adjustment of connection weights to any achievable degree of precision.

This paper starts with a summary explanation of fuzzy numbers and fuzzy interpolation, then we provide the method of FNN for finding the crisp solution of the FIP. Two numerical examples are proposed to establish the validity and performance of the justified approach in "[Numerical examples](#Sec7){ref-type="sec"}" section. Finally, "[Concluding remarks](#Sec8){ref-type="sec"}" section presents the conclusions.

Method description {#Sec2}
==================

Basically, the interpolation theory has a wide range of applications in mathematical analysis. In numerical analysis, the interpolation is a method or operation of finding from a few given terms of a series, as of numbers or observations, other intermediate terms in conformity with the law of the series. Generally, the interpolation techniques are in phase with elementary model of an interpolating function which can be stated as:$$\documentclass[12pt]{minimal}
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Fuzzy interpolation polynomial {#Sec3}
------------------------------

The interested are vested in finding FIP of the form$$\documentclass[12pt]{minimal}
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                \begin{document}$$M\cup C=\{1,\ldots , n\}$$\end{document}$.Fig. 1Fuzzy neural network equivalent to fuzzy interpolation polynomial

Cost function {#Sec4}
-------------
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Fuzzy neural network learning approach {#Sec5}
--------------------------------------
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Upper bound approximation {#Sec6}
-------------------------

### **Theorem 1** {#FPar1}
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Theorem 4 implies the validity of ([19](#Equ19){ref-type=""}). $\documentclass[12pt]{minimal}
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### **Lemma 3** {#FPar5}
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### **Theorem 4** {#FPar6}
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### *Proof* {#FPar7}
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Numerical examples {#Sec7}
==================

The following examples has been used to narrate the methodology proposed in this paper.

*Example 5* {#FPar8}
-----------
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*Example 6* {#FPar9}
-----------

Contemplate the sequential interpolation points:$$\documentclass[12pt]{minimal}
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